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[57] ABSTHaCT 
Thrombin is now Known to mediate a number of poient 
biological effects on cells bearing oigh-affmtty Throm- 
bin receptors. These effects depend, at least in pan. 
upon receptor occupancy signals generated by Tbroav 
bin'a interacuon with live high affinity thrombin recep- 
tor. The present inventors have fcrraujaied synthetic 
thrombin nenvatives capable of selecuvciy stimulating 
or injubinag thrombin rcctproi occupancy signals The 
stimulatory Thrombin derivatives rn bind lo cell surface 
Tnromsun receptors and stimulate DM a byatbesis m 
cells treated with non-roitogenic concentrations of 
pha-thrombm ef phorbol roynstate acetate Taos, these 
peptides, vyrucb nave both « thrombin, receptor binding 
aomain and a seamen: of amino acids with a sequence 
common to a number of senne proteases, sppctti to 
generate receptor-occupancy dependent mitogffnic >ig- 
nals. Tnc inhibitory dcnv&ttves, which nave no ^enntr 
esterase conserved amino sicid sequences bind to throm- 
bin receptors withotrt generaiing rc=^ptor-o^cup«:ey 
dependent autogenic signal*. Tnis invention i«smbes 
the peptides and methods for using them to promote cell 
growth ana wound healing or 10 inhibit scar fotmanor., 
iwsue, adhesions, and tumor roctftsr&sis and angioseaasis 

6 Claims, 6 Drawing Sheets 
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THROMBIN DERIVED POLYPEPTIDES; 
COMPOSITIONS AND MCTHOPS FOR USE 

The government owns rights in the present invention 5 
pursuanr to N1H JUsearCh Grant CA00805 and 
AM25B07. FUNDING- Development of Ac present 
invcnuon was aioed ui pan by finding from the Depart- 
ment of Health and Hunan Services, grant nos. DHHS 
5R01. AM 25807. and CA 00805, Accordingly, the U.S. 1C 
Government has & paio-up license and the ngni in lim- 
lied c^ciimstoncts io require ihe parent owner to li- 
cense others on reasonable terms as provided oy the 
terms ihoac grants. 

BACKGROUND of the invention 

1. Field of the invenuou 

The prescai invention is oVtctrd io chemical com- ■ 
pounds and methods useful in in* regulation of throm- 
bin receptor mediated cell stimulation. More specifi- 2C 
cally, the invention is directed to prorhjombin^crived 
pepades and method* which employ such peptides for 
promo nog wound bc*ua£ <uw3 44ilnbitwg scar forma- 
tion, tissue adhesions, biood coagulation, tumor angio- 
genesis, tumor metastasis and pulmonary edema. 25 

2. Description of the Related An 

Kara mi alpha -tnrornbin appears to have growth-pro- 
meiing activity for a wiac variety of cells from various 
tissues. For example, alpha-thrombm lias been shown to 
initiate proliferation of fibroblastic ecu* in cwtcre wttn- so 
out addition of sermn or other punflcd growth factors, 
to jsynerguc w 4 th epidermal growth factor :k ceruin 
hamster fibroblasts ana human endotothal cell*, and to 
initiate ceB dxv&iov or DNa syndesis in mamrnHr ian 
Sens epithelial and spleen oehs. Yet, the use of thrombin 35 
as q growth factor and its potential importance to 
wound beaiirg has not been widely acclaimed In part, 
this may be Ouc to the complexity of thrombin's m* 
volvemew witn coagulation, platelet activation, and 
inixiation of celi proliferation as weli as to m~ complex 40 
regulation of thrombin and thrombin -bXe molecuies by 
serum proteaac inhjbxxors and by cell-releasec protease 
nexins. This complexity and high decree of physiOiomc 
regulanon, however, supports the potential importance 
of th» initiauon pathway in wound healing. 

Thrombin may also play a. role in metastasis and angi- 
ogencsis of tumors- Generally, for a tumor to grow 
larger than a few millimeters m diameter, vascular en- 
dothelium must proliferate and form vesicle walls to 
provide circolanon and nutrients to the cells mside of 50 
tne tumor mass. Thrombin hi-dy potentiates this pro* 
cess by virtue of ns ability to induce proliferation of 
endothelial celis- In addition, thrombin has been shown 
to disrupt the normal intercellular endothelial cell 
contacts important in preventing cells ano plasma fao 55 
ion fiom «e*p*ng Of entering tb= microvasculslure. 
The present hypothesis that tnromhin may increase 
metastasis by disrupting these contacts is supported by 
studies demonstrating a correlation between decreased 
levels of anti'thrombin m (which removes thrombin ft) 
and other proteases from plasma) and increased tumor 
metastasis 

Various studies have led the present inventors to 
conclude that rogb-afunity cell surface thrombin recep- 
tor* (See Carney and Cunningham, Cell 15;i34l, 1978) 65 
may be involved in rumor metastasis and anglogencSi* 
For example, studies have indicated thai thrombm re- 
ceptors can serve as binding sites for osauc plasminogen 



activator, a molecule secreted from meiestatic tumor 
cells. Moreover, other studies demonstrate the involve- 
ment of tissue plasminogen activator m metastasis and 
angiogenics. Thus, many of the effects oi piasroinogcr. 
activator may be mediated through its interaction wita 
the cell surface thrombm receptor. I: is therefore pro- 
posed thai stimulation of the thrombin receptor serves 
to promote tumor metastases, while inhioiuon of thz 
receptor will decrease metasuuc activity 

Thrombin has aiso been shown to cause change* in 
the structure and function of cells whtCh marfc up the 
endothelial vasculature. These studies susses; that 
thrombin may play a central role in tne development of 
pulmonarv edema as well at edema of other nssues. For 
example, thrombin has oeen shown to increase pennca- 
bflity of endothelial cell monolayers to macromolc- 
cules, to increase arterial pressure and pUiiaonary vas- 
cular resistance, to induce smooth muscit conuacuon, 
and to mcrcasc transcapUlKry fh4id futrauon. All of 
these effects may be mediated by thrombin's interaction 
wim cell surface rhromcm receptors. 

A number of recent studies have attempted to eluci- 
date the mecnan4*ms for thrombm-mediated cell stimu- 
lation. These studies have indicates io the prcscni in- 
ventors that initiation of cell proliferation by thromotT 
requires two signals. The first signal appears to de- 
pendent upon binairig of the tnioxcbm moiecuie to tnc 
high afllmty cell sarface ihrombm receptor, wmie the 
second stgnul results from the enzymic acuvtty of the 
thrombin molecule. Thus, unlike aipha-throxabin. nei- 
ther DlP-alpbu-tbrombro (a proteolytically inactive 
thrombin dcriv-Arive that retains receptor-brndijig aci»v- 
iry) nor gamma-Thrombin (an esierolynca:3y active, nut 
non-binding turomOin derivativej can initiate DNA 
synthesis or cell division However. stmuUancOui ^adi- 
T4on of tneve two non-tmios^nic thrombin denvsr.ve^ 
inmates a lev J of DNa synthesis and cell division com- 
parable co that matuted by alpha-ihrombm 

These wim*- thrombin UenvaUves have been used to 
distinguish intracellular =venis stimulated by nigii- 
affmity thrombin receptor occupancy from Loose resum- 
ing from proteolytic de&vast. Alpna-throrribin and 
ga^nma -thrombin both iuroulatc Na + /K- ATPasc ac- 
tivuy, phoiphomo5itoi turnover, and Ca 3 + mexaoohwn, 
whereas D i P -alph t-thjomb in does not Thus, these 
events are attribuiaole to thrombin's enzymic scuviry, 
rot to receptor occupancy. Furthermore, these? signals 
(the rdea%e "of diacylslyccrol «nd inositol mphosphare 
to cause Csr-r mobilizanon) may is turn ncnvtojc: proieui 
kinase C Ascordmgly, it has been shown that pnorbol 
myristatc weute (PMa), which aenvatcj proiem ki- 
nase C, can substitute for enzyrnically acuvc edroma- 
thxombin and initiate cell division in the presence of 
receptor saturating leveis of DlP-alpha-throjnbm or 
monoclonal antibody to the Thrombin receptor. Thus, 
tne retirements for eczymically active throta'bm may 
indirectly relate to its activation of protein ioaasc C 

The precise signals generated by high*affiniry interac- 
tion of thrombin wiih its receptor have been more diffi- 
cult to define However, it has recently been shown that 
DIP-alpha-thrombin stimulates 3 tramocnt increase in 
intracellular caMP. Is contrast to ion fluxes and phos- 
phainosiiioe turnover, CAMP leveis are m^JpmaUy 
stittulated hy OlP-alpha-thrombui but are not stimu- 
lated by gamma-thromDiri. Attempts to replace DIP- 
alpha-thrombln with CAMP analogs, howcveir, have 
been unsuccessful. Therefore, it is possible chat throm- 
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bin receptor occupancy produces a number of signals in the invention provides for pnannat-euDcai composiuon* 

adoition to changes m caMP level* and methods to *>hich these compounds have becti 

One problem associated with the clinic*! application added. However, those of ski 13 in the art will rtcogroze 

oi" thrombin directly to achieve such benefits a its sus- that when the invention is practiced xu vivo, native 

ceptabilixy to protease inhibitors by strum anri-thiom- 5 alpba-thrombin endogenous to The host wall typically be 

bins. Suet problems have heretofore prevented the use adequate to provide this secondary *tgiu4, 

of ttvrornbjB in the clini= and has led the presenr inveu* B:c&u^c tbroinpin is involved m a numoer of Di- 

:Ors to *dcntify smaller thrombin-active and thrombin ©regulatory effects, the present invention, wiucji ahows 

antagonistic polypeptides which are not sensitive to lbs one to selectively promote and inhibit these effect, has 

inhibitory effects of thrombin inhibitors :0 * number of sinusal applications. For example, the 

The present invention provides for a number of invention provides a number of polypeptides useful m 

stnaller polypeptides which have been tailored to inter- promoting wouno healing. For such applications, the 

act with the thrombin receptor to selectively stimulate invention provides a polypeptide derivative of throm- 

or anhiojt rnrombm reotpror occupancy related signals. t>in (or a functional equivalent of such a derivative) 

it is belie vec that these polypeptides will prove to be 15 which has a thrombin receptor binding domain as well 

useful in a wide variety of cluneal settings where sue- as a domain with a Serine esterase conserved sequence 

ccssful recovery may be influenced by tbromoin reeep- of at least 12 ammo acids. The invention also provides a 

tor-meaiataa events. polypeptide compound of at least 23 L-amtnO acids 

CJM ,/ 4 „ V oTT-rwr; TXTVPwrrnxi wbicil has both * thrombin receptor binding domain 

SUMMARY OF THE INVENTION ^ ^ fc dQTOai ^ih a serine esterase conserved amino 

The present invention provides a number of thrombin acia Srquence, 
derivatives and methods useful for stimulating cell pro- In one embodiment, the invention provides for sev- 
hferanou and promoting wound healing as well as era! polypeptides containing specific amino acia se- 
meinoas useful m inhibiting wound hc&lmg, scar tissue qucnoes, i»uch as a polypeptide compound m which the 
formation, formation of tissue adhesions, and tumor 25 thrombin receptor binding domam includes Che L- 
metastasts and oncogenesis. The invention a based on amino acid sequence Arg-Gly-Asp-Aia together with 
the discovery mat one may formulate polypeptide th» serine esterase conserved amino acid sequence. A*p- 
thxombm derivatives, or their physiologically func- Ala-Cys-Giv-Giy-Asp-Str-Giy-Giy-lrro-Pnc-Val. In £. 
noual equivalents, which selectively inhibit the inters c- preferred embodiment, the polypeptide compound m- 
rion of tnrotnbin with iU msn-wfrwity receptor or whicn 3c eludes the l^amino acid sequence Ala-Giy-Tyr-Lys- 
mimic the stimulatory effects of thrombin. Pro-Avp-Glw-Gly-Lys-Ar^-Gly-Asp^a-Cys-Glu- 

Accoraingiy, the present invention, in its most gen- Gly-Asp-Scr-Gly-Gly-Pro-Phe-Val 
era] and overall scope, relates to synthetic or naturally The mventwn aiso provides for a pharmaceutical 
derived polypeptide agonists and antagonists 0 f throm- composmon for promoting wound healing which in- 
bin receptor mediated events Both of these classes of 35 eludes of a therapeutically effective concentration of 
agent* possess £ rnrombin receptor binding domain any of the compounds described above combined with 
tvhich includes a segment of (he polypeptide chat is a pharmaceutical) y acceptable cxcipicnt Typically, 
cHpablc of selectively binding to the high-affinity such compositions include for example, wfHcicat con- 
ihrombm receptor. This segment of the polypcptdc centrations of the polypeptides to effect a stimulatory 
includes a sequence of amino acids homologous to u 40 action on the thrombin receptor as demonstrated 
tnpepnde cell bonding aomain of ilDronectm. herein. Thus, such compositions shotold typically in- 

In addmoa to the uxrombm receptor binding domain. elude sufBcienr concentrations to obtsm levels of the 
the stimulatory (agomsucj polypcpudw possess a sc- polypeptides in the wound area wJuch ore ibovvn n 
qwence of amino acids having sequences derived from vitro to stimulate the receptor. When endogenous irVeis 
the N-tcrnunai amino acids of a dodecapepnde previ- f5 of a secondary s*mial are bcheved to be hoadecniaie. 
ously shown to be highly conserved among serine pro- compositions m3y be employed which farther inciude 
Teases. However, the mhibiiory polypeptides do not the adcUuon of a therapeutically effective concentration 
include these serine e^rasc-conwrrved sequences. of alpha-thrombin or camma-ihroinb»n 

The present invention is disclosed in terms of a show- as u*cd herein, a therapeutically effective, conecntra- 
ing that in the pr&sence of a non-nutogenje (i-c. T non- 50 noo v> d-iinec w a concentration of the p^mcular agent 
stimulatory; cuncentranoa of alpha-rhrombin, gamma- which provides » satisfactory mcreas- in the raic of 
thrombin, or PMa, th? interaction between stimulatory wound healing. Again, yuch concentrations art believed 
polypeptides an4 cell surface thrombin receptors pro- to correspond to levels sufficient io eliicat a stimulation 
vides the cell with a signal to proliferate. However, no of the thrombin receptor in vitro. However, it is Oe- 
prolifcrativc sigpal results when cell surface jhrombm 55 h^ved that the composnions will prove most etfecuve 
receptors interact wi;h the inhibitory polypeptides. whrn the sumulatory (agonistic) polypeptides are pres- 
In^tead, the eelis become more refractory to subsequent cut ti & concentradon of from 0.1 uM to 10 uM. 
trciitmcni with the srimnlatory polypeptides. This result Furthermore, where alpba-thrauiboi or g »mm &- 
is bciievea to occur because the mhibitory polypeptides. thrombin are also employee, concentration* of from 0 I 
which are themselves incapable of generating a prohfer- 60 uM to 10 uM art considered effective. However, empir- 
anvc signal, block oinding of the stimulatory polypep- ical methoos as are l#own m the art may be employed 
ncWs for determining more precisely the proper therapeutic 

AS mdioated above, practice of the cell -stimulatory dose; for & given composition administered in a particu- 
methods of the present invennon requires the presence lar munn cr. 

of a secondary signal, for example; in the form of non- 65 In nddinon, methoos are provided which employ 
nwo£enic concentrations of aipha-mrombin> gamm&' thrombin agonists xo promote wound healing. One such 
thrombin, or PMa in order to supply the cells with the method includes applying to the wound a therapeuti- 
10 w-af fancy proteolytic cleavage signal Accordingly, cally effective amrmnT of a polypeptide derivative of 
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thxomb.n, or t pbywologjcaliy functional equivalent alphi-thrambin. is able 10 disrupt normal mter-endo- 

thereOi" winch has both a Thrombin receptor-Dinning xhclial cell confers important m preventing metastasis, 

domain arid * domain having a serine esterase conserved a* well as sludges demonstrating thav jQpha-Lftrombm 

annuo acid sequence In general, thrombin is applied is can induce the proliferation of endothelial ceiis required 

amount sufficient io achieve fibroblast simulation and 5 for iuigiogencsts. Accordingly, the inversion provides a 

thereey stimulate mssuc regeneration In that such mcth- method w.nercoy mammals with such tumors receive a 

oas rypirajjy involve topical application to a wound, therapeutically efTecUvraTnouniofapolypepiiocaeriv- 

possible sytstemic toxicity ts not believed to be it pro©- 3l jve of thrombin, or * functional equivalent thereof. 

Jem. Therefore, virtually any concentration may be which has a thrombin receptor Dindms domam but docs 

employed. However, in & preferred embodiment* the 10 c ot have a serine esterase conserved sequence, vVhiie 

wound is Treated to achieve a range of approximately 1 exac: ^joses would nc^d to be determined by empiracal 

n$/coMu ug/cm 1 of wound surface. methods known those skilled in the art, :t is esdmatec 

The invention further provides a method for promo:- m? ^ m0 \izii sufGaenc to achieve « -oncectrhUon of 

ing wouna hftabns w vv^cn * therapeutically effective froin a j u m to 10 uM at the site to be treaied is needed 

lonoum of wph«-mrombin (1 ng/cm^lO u$/cm* of js Us£ 0 f a polypeptide wherein the thrombin binding 

wouno surface) or gaanna-thjoinbin (1 og/cmMO domain has an L-anuno ac*d sequence Arg-Gly-Asp- 

US/em* of wound wnfacej is applied to the wound in AUis specifically provided. It is contemplated that ihe 

conjunction with the foregoing xhiatnux derivatives, polypeptides will be most efficacious « ih± regard 

Of course, the ^peofic polype P ud« and pharmaceutical w nen . admoustered intravenously. However, other 

compositions provided P y the motion may aiso be 20. Clclbodli Q f adin3 niarjanon will also Ufc=]y prove to be 

used in promoting wound sealing- I; u bei«ved that eilecqvc 

these methods will be especially bemef^al to paqent* ^ e mogt ^ =mDOdwncIlc> Mention pro- 

involve* m Severe accident (p^c^^riy pure VjQ „ for ^ ^ c of ^t^ry polypeptide to mbimt 

dents), to those saojeciefl to sursno^procedur^ and to ^ ohfcraUon- mcmod encodes, bat x not 

tbose w»h poor wound nemmg respond *uch as 8ge4 25 , a ^ tioM ^ w ^ Qttc dc ^ rt :o ^ bit csl] 

"ido^ proved for »sin £ the P^™ » °* coarse. -^in^Cirorypolypep. 

thrombS re™ innibitory ?oiy P epx«i« For Lm- having * inrombin oinomfi aouum with tfce spe- 

ole. the invention provides met^Vhereby s;*r ussue c * c ^-Gly-Asp-^ may *o be u*=d as a 

formation be Woaed by adnunistcring to the 30 inmonor of ceU prohfexaxion. 

wound or scar t^ue, * iher^pcuuzally effective amount ^>th=r Senerai cinDcdiment, trie mvenaon com- 

of^poly^ptiaedenva^vcofthiom^orapby^oics- ***** VVberein die STimui^tory polypc P T.dc« 

icaL'^ncrVox^ thereof, wmch has a throm- ^« sca ro P oienlwtc c f ^ ow i h -. * Polypeptide u,- 

bin receptor omtag domain but does not have a serine eluding tne sequencz Ala^ly-xyr-Lys-Pro-Asp-Glu- 
cwra.e conserved sequence. Typically, such conccn- 35 

tmtions are ^equate when sufficient to inhiDit tnromoin Gly-Pro-phe- Val ^ specificahy prwv^efl. Hus rocnoo 
receptor mediated events. In a preferred embodiment, encompasses, om is nor iurnted to. situations wherein 
imounts r^jinj from t ng/cmMO ag/cm^ of wound wishes to poiewiaie ceU growth b vitro. Sucn 

surface axe umbered appropriate. ceU-stimulatory uses may oe potentiated o y further 

In a referred embodiment, the polypeptide denva- «0 providing » effective amount of 2lpha-zhrombzn (0 1 
tive of thrombin h*> ihe famine acid sequence Arg- ag/mi-10 ug/ml), gsmma-ihrombin (0 i u?/m)-lO 
dy-Aip-Alk ug/ml) ur phorbol mynsxare acetate (10 n^/mI-100 

In general, thcbe methods may oc used in any sitaa- ng/ml) in conjunction with the «xmuia:ory polypep- 
tion whsre yc*w fonc^run as undesiraoie, sucn as on ucic 

bum patient or those evbjectea to optnahmc surgery ^5 GLOSSARY 
Moreover, the methods may also oe of use m preventing 

keloidal scur formation- It is anncipaied that spraying ^ot purposes of the present invcatioa a thromom 
the wound with wi aerosol d P ray w#l be a particularly derivative is de&nec us any molecnle with an amino aoid 
sterile and" efficacious m2omer of «dmini5tcnng the poly- sequence den ved at vast m parr from that of thrombin, 
peptide compognd to the wounds of bum patients. 5C whether synthesized m vivo of m vitro. Accordingly, a 
Tne inhibitory polypeptides should aiso prove useful thrombu; derivative, as referred to herein, de*jgmie* n 
in mbibiims the form»uon of tissue adhesions, defined polypeptide molecule which comprise* fewer waino 
as aoaormzS unions between body organs dy formation than thrombin. 

of fibrous tissue. It is known that fibroblast proliferation ^ physiologically functional equivalent of * thrombm 
is required for formation of such ^dhc^on* Since alpha- 55 derivative encompasses molecules which differ from 
thrombin as known to induce fibroblast prahferanon, it thrombin derivatives in p^rDCuIan- which do nor. affect 
follows tb&t inhibition of thrombm-mcaiated mitogene- the zuncuon of the thrombin receptor binding domain 
sis Dy the peptides of the present invennon could reduce or the serine esterase conserved ammo acid sequence 
adhesion formation It a behaved that adininisiradon of £u-b p^mcuiars may include, but are not Loured to, 
such inhibitory polypeptides to the surface of the af» 60 conservative amino acid substitutions and mod^c*- 
fected organs will prove to be especially useful follow- tions. for example amidaxion of the enrboxy) tcmunus, 
mg cerum <nrginal procedures, such as uoracic sur- ncetyUuion of the ammo terminus, conjugation. Of the 
gery, whej- gut adhesions often lead to postoperative polypeptide to & pbyfcolosically inert carrier molecule, 
compucauoa$. or sequence alterations in accordance with the serine 

It is funher proposed that the inhibitory peptides will 65 esterase conserved sequences 
prove u^fui m the treatment of mammals with tumors A thrombin receptor Dinding domam is defined ^ a 
to therrby mhioii tumor metastasis or aagiogenesis. polypeptide sequence which directly binds to the 
This view is supported by studies demonstrating that thrombin receptor aao/or compcntjvcjy inhibits bind- 
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tag between wgh-affthiiy thrombin reo=prors imd alpha- cent cultures of NIL cells were iccuosird wiXh increas- 
thromoin. m £ concentrations of pSOB-530, p5l&-530, or p 5 17-520 

A domain bavmg & serine esterase conserved st- ii: the presence of i aM alpna-riuombin (a marginally 
quense comprises a polypeptide sequence couwunwg *t rmtogemc concentration). Data are expressed for each 
least 4-12 of The N-xerminaJ amino acids of the do dec a- 5 concentration as a perce&iage o: The effect of aipha- 
pepnde previously shown to bz highly, conserved tarombm alone. 

among serine proteases (Aip-X-Cv^-X^-GJy-Asp-Sex- FIG. 7. Effeci of p5 17-520 on thrombin stimulation 
Gly-Gly-Pro-Xa-Val); wherem X 4 is either Ala or Set, of pHJ-tbymidme incorporation. Qmescxmc cultures of 
is diner Clu or Gin, and Xj is either 9 tie. Mai, Leu. ME cells were incubated with increasing concentra- 
His, or Val), 10 nons of ajpha-tarombin nJaac, or in combinauor. with 

A stimulatory polypeptide « defined as a palypepUde 625 nM p5 17-520 PH]-thymidusc incorporation was 
Oenvacivc of thrombin, or a physiologically fimcnoaal dttcrmmed a* described in the desenptjon of The pic- 
cquivafent thereof, havmg the ability to both bind to ferret embodiments. 

and simulate we tirombin receptor. Therefore, the „„„„« TT ,^^, «t^*t™ 

srixmtoory peptides wxU include both a thrombin re- 15 DHTaJLHD DESCRIPTION OF THE 

cepior binding domain and a domain with a serine ester* EMBODIMENTS 
asfc conserved amino acid sequence. Thrombin, * molecule once considered important 

An mhibuory poiypepude is defined as a polypeptide oc i y w ^ context of blood coagulation, is now shown 
derivative of tnrombin. or a physiologically functional ro mt diate a number of potent biolomsal effects not 
equivalent thereof, having a thrombin receptor binding 20 rc j ate d to caagmanon- Many of tbese effects 

domain oat without a senne esterase conserved arawv ^ dBl ^ aT it&S[ ^ lo c, ^^ ^ n ^ rrr> fc y 
acid sequence, interaction between thrombin or thrombin-Iute male- 

BRIEF DESCRIPTION OF THE DRAWINGS cules and tne hifih-ailhiity ThTrrmhiTi receptors pxesem 

- tv. ^ - . „ on the surface of many ccli* 

BIOS. 1A-1X). Compter assisted analysis of the 2* m c ^ cCti0a wth & c pTOcn; 

hydropathy, i«b**. and pnrad scconoary w mvean0 a suggested thai ^ecrrve regulation of rhrom- 
ture for residues 489 to 548 of human protnxombin- ^ Blcdilue /* c:wcaiB Dc arn ieved rnrough ih^ 

Z i0 'J&3P°^ - P f ■ m fonnulation and synm^of polypepiidtt «pe=l&aZly 

ID. predicted tendency tor alpna^heuA and be^she^t 30 q£ ^ f£Si3mi pQlypep . 

5tI jPlGD. 2A-2C. Thrre^imensional representations of f d f> «P"^ of p«fbon^ <he« funcuons w« parwo. 

X-ray ^sxaDofiraphic oata of irypsin wirh me folios- ^ ^ susccptibairy of thrombin 
ing PHOTEUS compurcr^sisted st:bsirnmons of 10 P^lyuc enzyme mhaira» ^sacu as ^u-rb-omo^ 

ihtomDin-specific residues: Gry 4a7 J-ys. Lmu Ar& 35 A number oi peptides M cn ine «^n« of 

SoriN Ah; GissnGlu. «nd Val i59 Ph, isshovvnin FiG human prothroinom vert syuln^d ^ted for 

FIG 3B and 2C show only the three acuvc tneir abihry 10 bind to the reetjnor and to g^rarc 

residues Otor. Asp i0 2. Scr, 95 ) and TcsTduns 183 to 20O prohferanve sisals. Tbt cuoec s of pep^des focused on 

of uy P «n thai ^ iWed m th= homolo^o^ region >» ^ ^ ^ oftne re^on of thrombm 

thrombin's residues 510 10 530 These pepudts are ori- 40 »» aenve site senne. This region eoniams a do- 

ented in the same posrdon as in the rotated model in ^ ^prc^ntcd by reaaues 317-520 of humax! pro- 

FiG 2A thromom) with a sequence homologoos to the tnprp- 

F3G 3 Inkb^oii of [ »«J]-«lph»-thrombin buvJmg to ^ ^ domain of fibronectin. [Ar£-Gly-A»p] 

mouse embryo (ME) ccBs by syniaeuc p^pt.dc Tbu mpepude sequence is common to a auiaber of 

P508-530. Specify bindms of 0.3 n_M [^jj-slpiu- ^5 proteins that may miexaci wfch cl-Hs (r^wwed by 

thrombin to ME ceils in rhe presence of the mmcated KouSlahtt and Peiischbacher. Cell 44 J17-518 (1985)). 

concentration of peptide was measured as described in Moreover, it has t>aen shown mat a peptide representing 

me description of the prcterred embodiments. 517-520 of human prothrombin (p517-520) wd pep- 

FlG 4 Effect of p50S-i30 on pHJ-tfcynuoinff incor- reprcsenimg 516-522 and 510-526 of numan pro- 

porauoc alone or in combination with low concentra- 50 thrombin (p53 6-522 and pStO-526, respccnveiy) are 

uon> of alphi-torpmbm- Quiescent *rum-frec cuiturc* »We to promote fibroblast attachment comparable to 

of ME (FIG 4A) or NIL (a hmnst=r fibroo to cell lmt : thai induced by Stoonccrin-specific peptides. 

FIG 4E) were Teaied with the mdicred conceniratioiis Tac selected region also possesses a domain Crcprc- 

of p508-530 uone (O) or m combinanoa with coccen- sentedby rtwdues 519-530 of human prothrombin.) with 

xrauoas of 4pha-thxombin which gave approximately 55 a high aegree of homology to a number of serine t>t3- 
onc third of thr maximal response; 2 nM for ME cells 

(FIG. 4A) and 4 nM for Nil. cells CFIG. 4B), p&> Tne present inventors have discovered imw a syn- 

ihymidme incorporation wx& dtjermmed after 24 hours Thenc peptide contaimng both iiorone^tin- and ^enne 

as desenbed in the description of the preferred embodi- protease-homologous dO TTi?iins (residues SOS to 530 of 

CO human prothrombin) binds to tbromba rtcepwrs with 

FIG. 5 Effect of p50S-53Q on [^Hj-Chymidine moor- high-dffmiry and suostitates for DlP-alpha-thrOcat^ia as 

porauon in combmanon with PMa. Qm&scent cvlrur=s an initiator of receptor oocupancy-reiated nutognuc 

of NU- cells were mcu Dated with p508-530 aioae (O) or signals. In contrast, a synthetic peptide containing only 

in combmanon with 25 ng/mi PMA. PH]-thymidme the n&ronecan-homologoub douuan (p5 1 7-520) bmds to 

incorporation was detennined as described m the de- 65 ihe thromhin receptor without inducing nurogeriew 

icriprion of the preferred embodiments. An intermediate peptide (p5 19-530; retaing the s^iity 

FIG. 6. Comparison between effects of peptides on to mediate mitogenesxs but to a much lesser degree than 

thromhin-sUmuhiied thymidine incorporation Quie*- p3O£-530- 
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fyaMPT f njode xcr demonstrating this activity known 10 the «> 

h,vwu J veniors at the prcsen; lime. 

Selection of Domains of Human Alpba-Tbromban a. Cuirure of f ifcroblasts Raving rligh-Afnmcy Tfcrorn- 

Invorvcd in Binding of Thrombm to Iw High Affinity bixi Receptor* 

Receptor 5 As stated above, fibroblasts aenved from two boarces 

To help select pepude sequences thai might be in- wfcr e used to flcaonsirate binding of the peptides of the 

+ o ueip bciccv ^P" qc ^"^^ . ^ prawai invention to high-aRLr.ny thrombin receptors, 

vol ved m rccepior Omtog, computer ftwy* was used ThcSc ctl] ^ wert * ^ J foUow£ 

to predict the overali hydrapwy; ^^ry =«d ^- ^ of f lbroblaSTS wexft rt a frani s . 

around incacuvc sue s^eofalplia-tlirwnbui based on o escribed bv Carney and r„ n T?m gn wi Cell 

tne sequencs of £uman prothrombin (^genei al, Jfc- i S: j34i-1349, (197SJ. NIL cells *n established strain of 

chenu. 2-2087-3097 (1*83)). As shown in FIGS 1A and fc^,. f^o^is, were nuancci *> uocfc cultures 

IB, ika rcgicr. appears to or highly hydrophJic «nd ^ Bubcu i Wcd ^vcry four days. All cells were stows 

soluble especially near the region thaus homologous to ^ it Durbec^o-Vcgt modified Eagle's (DV) mcoiun: tap- 

fibronecrir-'s cell attachment domain, residues 517 to pigmented with I0<fo (v/v) bovine calf serum (CS), m a 

520. Analysis of secondary structural features indicated bomidrned atmosphere of 5% CO2 in air at 37' C 

that we regioa of xhrowbrti fromrcsiducj 511 to 526 bas Quiescent cultures were prepared by subculturEi^ 

i strong tendency for being 3 flexible turn re£pon with stock cells from 100 mm disnes, u»ns 0 05^r {w/v) 

very little tendency towards either alpha-hcjical or 20 trypsin and 0.02% EDTa (w/v) in pbosph*i=-buffcxcd 

beia-she^t structures (FlGS. 1C and ID). T*ken to- saline (PBS) and plating them in 24-well culture: plates 

gcther, rhe various compm=r-fiS»istcd analyses strongly m DV medium supplemented with 10% (v/v) CS a: 

sjuggct th-t- thu region of xhroosboi thouJd bra c*U?r- 6 a JO c*tt*/r*ni A_ficr ullowiag ihc celb 10 n-mcri over- 

nally accessible and, :nerefore, available for interaction night, the medium ww removed and 1:1- cells were 

with the thrombin ceil surface receptor. Moreover, the 25 rinsea wiin DV mcdioro containing :io s^zw. Txic t=ll£ 

region of thrombin homologous to the cxll attachment ^crc incuba:ed m ih^ serum-free medium for 4-S nouri 

domain of ilbionecton a located 21 or very near tnt before the indicated experiments. Tms proctdur- h^s 

middle of this hydrophtl»c flexible turn of tnxomom. o*=en shown to provide nonproiif=rutins popislattons of 

Uang th= three dimensionaJ way crystaHosraphjc mouse And NIL cclis that ar- 90-95% arxestect at the 

data for trypsin (Marquarr e: a;., Am Cysvailogr., & Oj /Go ceL cycle interface. 

39:480 (19b3)). and fti^g approorjiitc amino acid sub- Assa >' for Measurement of Specific B^dui- of 

stiruuons to reflect the thrombm sequence arouna the TaromDin and Thrombin D=nv*r)ves to The CcU Sur- 

acrivc-siie sexm= porrion of trypsin, computer graphic "cc Thrombin Receptor 

analysis predicted that residces SJQ to 530 of thrombin ^ ^ *** a above, m the procnt embodiment, tnrom- 

are located along the edge of the pocket that ieads to 35 bw iw^pwr specific b^ams a-t:vity of tne tnrom^m 

me »cve site clefc (FjC 2) In agreement with the «tovwv«sw»aic ; siir^w*iuii^ 

predictions of secondary nneur. diseased above. cwnpantively inrnoit tunams oerweei: F-IJ- 

omino acid residues 5X7 to 520 of thrompjn art kcatcd ^ tmabm receptor Specie tccb- ' 

tryr^thrornb,, «r™ ; W it reason- ^ a ^^^^°^^ at ^ 

able that this region of thxomnm cculd be mvorved in of -^^Z (ux a CB v<^e competitive rfuworj. 
oindine to its receptor i^topcroxicase, and After fi et riitratios and 

EXAMPLE 2 dialysis, the [ l35 I]»alpha-inroGiDiii had & apeciffc acrnviry 

_ , c . 45 of 1 10 3xl0 -7 CPM/ug nnd co-migrated With unia- 

byamesis of l-epudes beled aipb^-ihrombm as a single b^nd on -odium aode- 

Pcptides were synthesized by the solio-phasc method cyl sulfate (SDS) polyacryiamide gels. Thes= lodnmieo 
(£ricltson and MemCeld, Tnt Pmi&ns, 2.255-257, preparations retimed appro rimately 80% of itttir n- 
(1976)) tnong antomatjc uwtmmentation (Appued Bi- bnnogen clottni^ azuvuy 

osysiems Peptide Synihesiier Modd OOa) and pnrixled 5C The ability of th= ^ynthetjc peptides to compel for 
by HPLC {Bcdanan) on & C-18 coicmn cluted with a specific r i23 I}-aipha-inrombin bwidms to fibroblasts was 
Imeair acetointnlc sr^cnt contaminfi 0.5% (v/v) TFa measured on nonproUferatms, mrtogcmcaUy responsive 
ttnfluoroacc^c acid). cultures in 24 well putcs (Falcon) at a cell density of 

approximately 5 x 10* ccllii/cizi- as previously descnoeo 
EXAMPUc. $ 55 (Carney and Ciinnmgh*m, Call. :5.J34l-1345 (1978)). 

Demonstration that ih= Thrombin Derivative* T 1 * ? n l ^,T cUsi ^ cb ^Sed to bmdins 

Selectively Smd to the ib^Afimxy Twonhm ^a-free DV medium containing 0.5% (w/v) 

Receptor bovme serjm alourmn burTcr^d vrtb 15 r^M HEPES *i 

pH 7 0) The cells were equuibrured at 23- C. for 30 
This e*4mple demonstrates that the pepudes of the w minutes, and the medium was changed to cindms mc- 
prcsent mvennoa arc able to selectively bind to the Oiom contanuns [ l25 I>&lpha-ihrombiU (10 ng/ml; with 
hifih-aftinity thrombin receptors present on the surfaces iht mdinhted coacentrations of the peptide Aiter 2 
of many cell types In tne present embodiment, thia hours at 23" C , the assay was lermwated by qnjciwly 
activity was demonstrated by showing that the peptides rinsing the cells four nines wi:h ice-cold P35 The cclii 
of the present invention campcnuvely Inhibited binding 65 were dissolved in l ml of 05 N NaOH and the toxal 
of [ 12S lJ-alplui-Tnrambm to thrombin receptors present radioactivity was measured" using a Bccxman gamma 
on two strains of cultured fibroblasts. Accordingly, the cconicr Nonspecific binding w^b mcasurcQ &tnc radi- 
specific techmquc* descriocd oelow represent the best oacuvity oound to cultures after incubation in binding 
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mcdiiiin containing a 100-fold excess of unlabeled alplu- addition, these results demonstriitc the requirement fox 
thrombin. Specific omdms vw calculated by subtract- alanine within the thrombin rcceDtor binding doznau:, 
nonspecific binding from total radioactivity bound since substitution of alanine with "serine eliminated the 
io -jultures abiaty of the synthetic pepndc to compere for alpha- 

c Thrombin Binding Activity of Selected Thrombin 5 fcrontom bmdwa 

Derivatives TABLE 1 

In order to aemoastratc the thrombin receptor bind- 
ing activity of the polypeptide of the present invention, 
the peptides synthesized as doscnbed in Example 1 were io 
tested for thrombin receptor activity using toe £SS4y 
system Ocscribcc immediately abo^c. 

More spccii'caby, m order to demonstrate that 
p SOS -530 "oouna to thrombin receptors. confluent cul- 
tures of ME cells were incubated with 0,3 nM lS 
alphvioxombin and concentrations of pSO8-530 raging 
from 8 to 4000 nM for 90 cunutes at 23' C. As shown » 
FIG 3, p30S-530 competed for 30% to 70% of the 
specific binding °f [^IJ-alpha-tnrOinbin to M£ cell*. _. 
Scarchard auaiytn* of the direct binding of [>*JMabded 20 . v «™* concAntr&nqns of peptides and F 5 I]-;*lph*- 
p50S-53O indicated - Kj> of approximately ox IO-* M wombmjl nM) were mcubateo: with quiescent ME 
(dw not shown). I* addraou. the specific binding ^ <*ta far 90 minutes *; 23' C. Specule bmcUng of p«E- 
[i25j]_ p 50s_53o to ME cells could be displaced by DOth elpha-rnromwn was defined as described m Example 3. 
excess p5O8-530 or excess huiAar* Upb^diranabui. EXAMPLE 4 

Thus, a appear* that Hie competition of p5Q*-530 for 25 

psq.ajpbu-thrpinbin binding represents the binding of SiauoJanoa of D.N A Synthesis by Selected Turcjanoin 
pSas-530 to the same sites as alpba-Tiirombiu, bat with Derivative* 
an afnniry approximately one order of magnitude This example d cmon surges thai Dinding between 
-owcr stimulatory (agocistfc) pojypcptides and inxombin re- 

Funhemiore, in order to show thai the binding and 30 emptors generates a receptor occupancy wgnal wbicli 
autogenic aenvuy of p508-530 was specific, two syn- induces DNa synthesis and cell division In the present 
Uictic peptides with physical properties similar to sinbodimeni, DNA synthesis and cell proliferation w^s 
p50&-530 but no teq^nce homology 10 human alpna- measured as s function of pH} thyaudjne uptake by 
vhxomoin were lestto for thair Binding pxopemcs. Bom cultured fibroblasts eacpostd to ^riccwa poiyp^pttdes in 
of the&c p<3> tides {one with 12 amino acids C33% hydro- 35 the presence of ncm-mitogeaic concentrations of aiph&- 
phobic rc«duo and & net charge of —3) and & second ihronioin or PMa. AJthough tne m vitro technique* 
with IS ammn smos (3^^ byarophobic residues and a described below represent the besr mode for demon- 
net charge of 0)] inhibited oindinj of [*^I]-alpha-rhrom- stracng the stimulatory activity of me selected pol >pep- 
less than 5% at conceatraiions up 10 5 uM. tides, those skilled in the an wdl apprecibie th**t me 

To further identify regiocs of thrombin involved m 40 principles demonstrated in the in vitro system described 
high-affinity binding and generation of miiogenic sig- immediately below are also applicable m vivo 
uai:, two peptides reprcscming spline domains within a. Techniques for Measunus DNA Synthesis 
p50S-530 were tested Tne first pepndo represented The efiecw of the syntheuc peptides on DNA synihc- 
restducs 519 to 530 of the 5-cnain region of human ins were determined by raeasunng the Uicorporauoc of 
proihrombin, a region of thrombin that t> highly coe- *5 mcthyl-PH]-lhymidine (TdR. 1CN PharnweuucaK 
served among Scrmc proteases. Tnc second pepnde Irvine, Ca.) durms a 2 hour wcubation generally from 
represented residues SV to 520 of prothrombin, a re- 22 hours after addition of peptide* and/or thrombin 
gjon of thrombin homciogou* to the fibroueciwj cell (Stifimbcrg et ai, /. Cell Physiol. 120^09^285 (1984j(). 
binding domsun After iocubanon, the cells were extracted and rinsea 

Both of these pcpnde> were able to compete for 30% 50 with ice-cold 10% (w/v) tnrhloroacenc acid (TOg, 
10 50% of the binding of I^I^alpha^oinbin to ME The &;id prccipitabie material was dissolved overmght 
cells, but both required higher concentrations man was in 0.5 ml 0 5 n Kofi a: 23" C HC1 (x N), G.25 mi, viis 
required with tbe initial pepnde pSOfi-530 (Table 1). For added and the solution w** counted m 10 ml of K-eaiS- 
exaznple, 30% inhibition of [ m I]-*lph*'throinbm bind- oJv-HPD (Berk man Instruments, Houston, To, ) sctatil- 
m£ required 33- to 50-foio higher conccatrarions of 55 lanon fluid. 

P 5l9-530 and p5l7-S20 than p5Q8-S30, respectively. b. Mitogesuc Activity o: Selected Thrombm D=nva- 
Thus, bo;b of these peptides appear to mt=rnct with tiv=» 

thrombin receptor* but at a low^r aflGniry than Each of the thrombin derivatives symhciizcd was 
pSQB-530. Because p5 17-520 is homologous to the fi- tested for autogenic activity us were the two uon- 
bronectm cell binding d oma i n , a peptide having the 60 thrombin peptides described in E\wnple 3(c). The re- 
sequence Arg-Giy-Ala-Ser tine sequence of the fibre- suits of these experiments are. described below, 
oecnn specific peptide) wns also tested for its ability to The present inventors first tested the ability of 
compete for [ lM I]^pha-thrombiu binding. At a con- p508-530 to stimulate DNa synthesis m non-proliferat- 
centrauon of 1.3 uM, this peptide did not compete with ing cultures of ME or NIL eclk. As shown in FIG *, 
[ ia n^pha-thrombtn for binning. Thw, the receptor 65 pS0&-53Q, by itself, was pot suSicicnt to stunulatc pHJ- 
for alpba-thrombUi is not the ewne membrane protein thynudme incorporation into DNA. However, in cojq- 
that specificahy interacts witn fibfonectm and causes binwion witb 2 nM alpna-tnrombin, C.1 uM pSOS-530 
me apparent growth promonng action of ffconccdn. in somulatcd a 6- or greater than Mole m-rcase in in car- 
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porauon of [ 3 H]-ihyuudmt into DNA it MB cells when 
compared io parallel cultures left untreated or Treated 
with ilpiw-thrombiu aionc, respectively (FIG. 4A). A 
similar autogenic stimulation was also observed in NIL 
hamster cells, although it required a slightly higher 5 
conreniration of thrombin and peptides (FIG. *B). The 
responses in both cell types were equivalent to the mito- 
genie response stimulated by 3 maximally effcepve con- 
centration of alpha-throinbir- (10 nM) It i* noteworthy 
that for ME ^cll*. sumumtiOn py p5O8-530 was ob- io 
served between 12.5 nM and 100 nM (FlG. 4A) 4 con- 
centrations that correspond closely with those required 
io inhiDit [^STJ-aaplw-thrombin binding to ME c-hs 
(FIG. 3). W»th NIL cells, a *mdar correlauoc was 
ooserved between the autogenic concentrations of \$ 
p5D8-530 and the cxmccmraUons required to inhibit 
thrombin binding, although at higher levels than re- 
quired with MS cell*. 

Although these rcsuJu suggest thai p5QS-530 gener- 
al es myogenic Signals through us interaction wilt high- 2t) 
afun-ry thrombin receptors, it was possible thai the 
pepude merely increased the effective cuncentr»t4on of 
alpha*rhromoin Recently, phorboi mynsmt a relate 
(PMA) nas Dee* shown 10 mimic the erTects or g JiTrmfl - 
thrombin and stimulate DNa synthesis and cell prolif- 25 
eratiQn in combination with DlP-arpha*ihrombin or 
with monoclonal antibodies to the thrombin receptor It 
was predated, therefore, that if pSOS-530 was general 
ing a receptor occupancy-related signal, its andiuoA to 
cell* in combination with PMA should stimulate mito- 30 
genesis. As shown in FIG. 5, in the presence of 25 
ng/ml PMA (which is % non-raitogenic amount). 
p5OS-530 stimulated a 3, 5-fold increase m DNa synde- 
sis over controls. This sumuiation occurred at approxi- 
mately the same conccntxauoo of peptide as that re- 33 
quired to stimulate DNA synthesis in the presence of 
low concenirations of alpha-thrombm Smce active 
thrombin ww not present in these experiments, it wov'id 
appear that p50S-530 itself generates a miiogenic signal 
that mimics the effect of DIP- or alpha-thrombin bind- ^ 
ing ;o high-affinity thrombin receptors. 

It; order to ensure that the stimulation of DMA syn- 
thesis by p 508-530 was mediated by virtue of its ability 
to interact with the high-afftmry thrombin receptor, the 
synthetic, non-tbrombin, non-receptor binding poiypep- ^ 5 
tides described m Example 3(c) were tested for auto- 
genic actMty. Neither of tb=*e peptides generated a 
mxtogemc response m the presence of 1 nM arpha- 
xhrommn Thu*. neither the binding activity nor the 
mrwsemc activity of p 508-530 is due to nonspecific ^ 
int«r*=uon of urn poiypepude with xhft celis. 

The mveniors then tested the mitogenic activity of 
ihc smaller xhrOmbm denvalivss, p519-530 and 
p51 7-520. A* indicated m Ewunple 3(c) above, both of 
these pepudc* hind to the high-aiHnity thromDin recep- 55 
uir- In these »penments f increasing concentrations of 
p5j ano p5 17-520 were added to quiescent NIL 
cells in the prcwmce of 2 and * nM alphfr-thrombifi. As 
shown in TIG. 6, p519 enhanced DNA synthesis over a 
rangs of concemrations vhile p5 17-520 did not. In fact, ^ 
p5J7-52Q actualiy innioited DNA synth»*» 

EXAMPLES 

Iiuubition of Torombia-Reeepiar Medtaied 

Mixogenesis by p5 17-520 to 

The observation that p5 17-520 inhibits aipha-throm* 
bin uunnlated autogenesis was somewhat startling in 
view of previous studies de»onsTr»nng autogenic 
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and transmembrane signaling effects of thromDin were 
not inhibited by DlP^aipha-thronobui, t inromoir. aenv- 
arive which competes for active alpha-ihromhiji d end- 
ing. Thus, the mventors realized that pi 17-520, which 
is able to compete with nsiivc alpha-tnrombin for omC- 
mg to high-affmity ceh jiurfacc thrombm receptors, bm 
is unable to generate the mitogenic receptor ocr apaury 
signal baa properties no: previously Knowc u: the i.-t 

in order to explain the mechanism by wbteh 
p5 17-520 was able to innioit thrombm-mediated mito- 
genesis, the inventors measurea the iDiUty of m^remmg 
concentrations of alphi-thrombm 10 sumuiaie DNA 
synthesis in cultures to which a constant concentration 
(625 nM) of p5 17-520 nan been *dded (FIG 7) Thoc 
expenments showed that p5 17-520 significantly shifted 
the dose*response curve of rht celis to aipha-ttrombin. 
For e»ample r at two concentrnuon* of aiphfe'tnrombm. 
0.8 ^nd 13.0 nM, DNA synthesis was inhiDited by ap- 
proximately 75% and 35%, respectively Tnus, ine 
inhinition of alpha-itirombin sumulauon p517-520 
appears to require & 500-1000 fold molar excess of the 
pepud? Tbb rmdmg is connftcnt with the ooservanor: 
io«x p5 17-520 has a lower compeuuva ftjAdin^ afanjry 
for thrombin receptors on M£ cells than ooes p 508- 530. 

The identification of p5i 7-520 2s the nigh-sfaniry 
bin dm 3 domsm of thromDin has several implications as 
to the inech<iru!>n; of KiTombin mitogenesis. Pryvious 
srudiei have demonstrated proteolytic cleavage and 
disappearance of a molecule or. the surface of cinck 
emoryo calls treated witn thrombin- Cross-Iimong stud- 
ies with active or inaepv^ thrombin have also i^entnlcd 
two differently sized Tcceptor molecules or substrate? 
The present rcSuite show tha; the high-affinity binding 
domain of thrombin is very close ro the active-site cieit, 
thus, it should oe possiDJe ?or tnrouiDin to cleave its 
receptor. Preliminary data from tff«uty punilcaaon or 
Hit rnrombm receptor supporTu the hypothec ih*z the 
receptor itself is proteojyticaijy cleaved by aenve 
thrombai. it is possi&Ie im*i thrombin recepior occ-- 
puncy may >^mulate an alteration ir. receptor conforma- 
tion nccc=*wy for the cleavage event. The present re- 
mits suggest that peptides pSOS-530, p5l&-530 or Uphe- 
ihrorabiD itself ^re capahic of bmcong tu the thrombin 
receptor w a manner wmch mdwees sach zGn£rm*- 
UOni changes. In contra, p5 17-520 app=*ra to be 
capable only of binding to the receptor. Thus, p517-s2ii 
selectively inhibits thrombin rc^eptor-mediated evems 
by vmue of its 3bihty to sclecuve ly interact with throm- 
bin receptors m a manner which provides the celi with 
a cull signal. 

EXAMPLE 6 

Use of Stimulatory PeptiaeE 10 potentiate Cell Growth 
In Vitro 

A number of expcnmcaia] and diagnostic: procedures 
require cells grown in vitro. Because the stimulatory 
pcpndrs enhance proUferation of fibroblastic cdls Dear- 
ing high-animty Uirombm rccep;orr, the incorporinion 
of such snmulatqry molecules mto the culture meoiutr. 
will provide an effective means of potentiating cell 
growth In addition, because Thrombin stimulates prolif- 
eration of other cells, including endothelial celU, thc5c 
peptides may b= effective it promoting growth vf a 
number of types of cdk U>c of the synthetic polypep- 
tides as growth supplements his a numoer of aavan- 
tages. It is much leas expensive to *ynthesizt the poly- 
peptides than irs is to punfy naturally occurring throm- 
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bin Furtbennorc, uuliice naturally occurring thromoin. 
the polypeptide* arc relatively resistant to inhibition by 
serum protease inhibitors. 

Numerous methods for preparing cells for culture arc 
known to those skilled in the art One such method, 5 
described by Carney et ai. (J Cell Physiol. 95; 23-22, 
incorporated herein by reference), is relieved to 
be particularly well suitea to the practice of this aspect 
of the invention. 

as vsM be appreciated by those of skill in the an, the 20 
stimulatory polypeptides of the present invention may 
be employed together with any suitable c-11 culture 
medium to achieve the edvantsges of Thar cell-stimuia- 
uon effects For example, the present inventors have 
found a mixrur= of I>ulbecco-Vogt modified Eagle's ^5 
medium and Ham's F12 medium k> d:& particularly 
appropriate bast medium- To practic? the invention, 
one adds 0.1 ug/mJ-lO ug/mJ of thr sumuiatory peptide 
Aiii-Oiy-Tyr-Lyi-Pro-A5p.Giu-Gl>-I.ys-Ajfi-Gly- 
ASp-AU-Cys-Giu-Gly-A^p-Ser-Qly-Gly^Pro-Phe-VtU 20 
to me cuirure medium. The celts are then incubated m 

appropriate humidified atmosphere, fox example one 
containing 5% CQ 2 jn air at 37' C At regular mierv&is 
(3 or 4 days), the spaa? mcdiiuii i» removed from Wc cell 
culture and replaced rtitfc fresh medium formulated as 25 
described abov = 

EXAMPLE 7 
Treatment Protocols 

30 

Due to prscamions necessarily attendant to develop* 
men: of ^vcry new pharmaceuttcai, the poi ypeptides of 
Tfie present invention nave not yet been tested in a Clmi- 
cal settmg in human subjects. However, The in vitro 
ictiviiy of thasc polypeptides m Sckcnvciy promoting 3$ 
or inhabiting thrombin-rnediated micogcnesis is believed \ 
10 dtmo^rraie the utility of the present invention m this 
regard. The following prophetic embodiment repre* 
5 en: rht bc#t mode contemplated by the present invrn- 
xors of carrying out the practice of the invention in $q 
various ehnical settings. 

a. Wound rlealing 

It is believed chat the stimulatory polypcpaaes will 
provB to be useful in numerous clinical situations wn-re $5 
j: is desirable to potentiate wound 'wvlmg In particular, 
these include treatment of burn panents, those: involved 
a: severe acciacnis, thus= subjected to * variety of surgi- 
cal procedures and those with poor wound healing 
responses, such as the aged anC diabetic Although the 50 
best mode of admmistenns the polypeptides will de- 
pend on thr particular clinical suoarion, 1: to believed 
that its aQtuinisTration in the form of an aerosol spray 
wiD prove to be particularly advantageous in a number 
of such settings. Methods for incorporating inerapeutic 
agents into aerosol sprays are well known in the an. 
Therefore, at is considered tnat formulation and use of 
these stimulatory polypeptides in such aerosol sprays is 
well wiimn the skill of the arc in light of the present 
disclosure 

The stimulatory polypeptide may also be apphed to 
the wound in the form of a salve or lotion. Atterai- 
uvely, they may be incorporated! into the material used 
to dress The wound. Techniques for incorporation of 
therapeutic agents compositions into s-dves, Jonons and 
wound dressings sxe also well known m the an and 
within the skill of the art in light of the present bpedfi- 
cation. 
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It is believed thai an rffcctjve dose of the polypeptide 
:S approximately between 0 5 uM-50 uM. However, 
eaact dosages would, of course, be determined empiri- 
cally oy experimental methods w=it know: to taosc 
skilled in the pharmaceuucal arts 

o. Use of the Inhioitory polypeptides 

1. Inmb mcn of Scar Formation and Formation of Tis- 
sue Adhesions 
li is further beheved that the mhibitory polypeptides 
will prove usefai hi a number of jatu&nons, for 
example, where inhibition of fibroblast prolifera- 
tion is desirable. These include prevenuor. of scar 
formation and tissue adhesions 
Cne manner in whicn the Invention may oe pmcttc-cd 
is by incorporating the inhibitory polypeptide Arg- 
Gly-Asp-AU into any vehicle suitable for applica- 
tion to a wound, surgical incision or butts cc of a 
body or^an. These vehicles induce serosal sprays, 
salves and lotion* appropriate for direct appUcauon 
to tissues at weil as solutions appropriate for intra- 
venous or subcutaneous injcCnons. Metuods for 
iacorporauns Therapeutic agents into pharmaceua- 
cai vcmcjco aucn as those descnDea above is oe- 
Ucved to b= well wiUun the skill of the art. as are 
methods for applying the resulumt compositions 
It is proposed that an effective dose of the polypep- 
tide ts I og/cia^iG ug/;m 2 if the compound is 
applied topically. If injected, tlTeCiivT dose is 
that aose uufrtcicnt to obtain a concentration, of the 
polypeptide* of from 0. i uM to 1C uM, at the sue 
whrre needed. However, exact dose*, of course, 
should be determined by ecccp:ed pruncacteuueai 
metbods J&nown to tnose Calico in the pharmaceu- 
tical arcs. 
Tumor Therapy 

It is believed thai the mhibitory polypeptides wil] 
further prove to be useful in the tr garment of vari- 
ous tumors, particularly m preventrng metsistasis 
and anglogeneah. It is anumpaten that the inhibi- 
tory polypepudes could best be admmwtcrcd by 
intravenous administration. 
The inhibitory polypeptides could be given daUy by 
conanaous infusion or on alternative uays, with 
more tradmonai chemotherapy b=mg given on the 
intervening day. WnJ- e*act doses of the inhiDu- 
tory peptide^ would have to be determined empiri- 
cally by method* known to tnose skilled m ih- on, 
it xs estimated tnai an efrVcu^r dose would be that 
amount (iufticieot to «chicve a concentration of OA 
uM to 10 uM ax the sate where needed. Of course, 
as with a new pharmaceutical agent of any type, 
cluneal trials would be needed 10 establish levels at 
whicn unacceptable toxicity would oe reached 
The present invention has been dwclo»cd in ternis of 
specific embodiments believed by the inventor to be the 
bes: mode for catryws out the invention. However, m 
hght of xhe disclosure hereby provided, cnose of skiB ra 
the various arts will recognize that modifications can be- 
m^de without departing from the intended scope of the 
invention, for example, any of these peptides may be 
adrmiiistered by a number of metnods known in ike art. 
Furthermore, future studies are expected to result *n 
production of thrombin derivatives with increased stim- 
ulatory or mhibiTory activity Thcae and all Other rood- 
rlcauous and embodiments are mtenUcd to Dc within the 
s=ope of the chum*. 
What is claimed is 
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X. A polypeptide coiwwmg esseanu-Uy of * thrombin 
receptor binding domain and a serine esterase con- 
served wqueace wherein said polypeptide comprises 23 
amino acids. 

2 A polypeptide thrombin derivative consisting es- 5 
sentully of: A]a-Giy-Tyr-i_ys-Pro-A$p-G1ii-Gly-.f-ys- 
Arg-Giy-Asp-Aia-Cys-CJu-Gly-AspScr-Giy-Cjy-Pro- 
Fbe-Val. 

3. A polypeptide consisting of the amino and Se- 
quence Aia-Cly-T^r-tys-Pro-Asp-Glu-Gly-I.yji-AJS- 10 
Giy-Aip-Aito-Cys-Gla-Gly-Asp-Scr-Gly-Giy-Fro-Pbc- 

Val 

4. a composition of matter comprising: 

a subsunnally purged thrombin derivative peptide 
or physiologically funcrioaaJ equivalent inerco; of 13 
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23 ammo acids in length wherein said pcotiae in- 
cludes; 

(a) a thromoin receptor Dinduig domain hav^ the 
sequence Arg-Giy-Asp-Al4; ana 

(b) a senne esterase conserved sequence; 

and wherein ihe Asp-Alt of the Thrombin receptor 
binding domain comprise The first tvo amino aexfis 
of the serine esterase conserveo" sequence. 

5. The composition of claim 4 wncrcin rhe serm= 
esterase coawrveq sequence is Asp-Ala-Cvs«G]u-Gj>- 
Asp-Ser-GIy <5 J y-Ff o-Phc- Va!. 

6. The composition of claim 4 w&crcin the serine 
esterase conserved sequence computes AspAla-Cys- 
Glu-G3y-Asp-Ser-Gly-G)y'Pro-Pbe-Val. 
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